Background: Camera models,
Transforms, Radiometry

Topics in Image-Based Modeling and Rendering
CSE291 JOO
Lecture 2
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Qutline

» CameraModels
* Pinhole perspective
 Affine/Orthographic models
» Homogeneous coordinates
» Coordinate transforms
* Lenses
» Radiometry

— lrradiance

— Radiance

— BRDF
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Effect of Lighting: Monet
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Change of Viewpoint: Monet

Haystack at Chailly at sunrise(1865)
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Pinhole cameras

* Abstract cameramodd - * Pinhole cameras work in
box with asmall holein it practice

image
plane

-7 virtual
image
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The eguation of projection
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Cartesian coordinates:
*  Wehave, by similar triangles, that
x,y,2)->(f x/z, f y/z, -f)
» Ignorethethird coordinate, and get
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Homogenous coordinates

* Add an extra coordinate and
use an equivaence relation
e for2D

— equivalence relation
k*(X,Y,Z) isthe same as

» Basic notion
— Possible to represent
points “at infinity”
* Where pardldl lines

(XY 2) intersect
- » Where paralél planes
» for3D intersect

— equivalence relation
k*(X,Y,Z,T) isthe same
as (X,Y,Z,T)

— Possible to write the
action of a perspective
camera as a matrix
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Euclidean -> Homogenous-> Euclidean

In2-D
» Euclidean -> Homogenous: (X, ¥) -> k (X,y,1)
¢ Homogenous -> Euclidean: (X, Yy, ) -> (x/z, y/2)

In3-D

 Euclidean -> Homogenous: (X, Y, z) -> k (x,y,z,1)
» Homogenous -> Euclidean: (X, y, z, w) -> (x/w, y/w, z/w)
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The camera matrix

Turn previous expression into
Homogenous Coordinates
—HC'sfor 3D point are
(X,Y,Z,T)
— HC'sfor point inimage
are (U,V,W)
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Affine Camera Model

» Take Perspective projection equation, and perform
Taylor Series Expansion about (some point
(XoYorZo)-

» Drop terms of higher order than linear.

» Resulting expression is affine camera model
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Orthographic projection

Take Taylor series about (0, O, ) —apoint on optical axis
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The projection matrix for
orthographic projection
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Coordinate Changes: Pure Trandlations

OgP = 0,04+ O,P , BP= AP + BO,
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Rotation Matrix
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A rotation matrix is characterized by the following properties:

* Itsinverse is equa to its transpose, and

* its determinant is equal to 1.

Or equivalently:

* Its rows (or columns) form aright-handed
orthonormal coordinate system.
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Coordinate Changes. Pure Rotations
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Coordinate Changes: Rigid Transformations
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Block Matrix Multiplication

What is AB ?

AB - éAilBll + Aiz BZl A11812 + AZBZZ U
&A,B. + A,B,  A,B,+ A,B,0

Homogeneous Representation of Rigid Transformations
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Camera parameters

* Issue
— cameramay not be at the origin, looking down the zaxis
* extrinsic parameters

— one unit in camera coordinates may not be the same as one
unit in world coordinates
* intrinsic parameters - focal length, principal point,
aspect ratio, angle between axes, etc.

3x3 X
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The reason for lenses
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Pinhole too big -
many directions are :
averaged, blurring the
image

Pinhole too small-
diffraction effects blur
the image

Generaly, pinhole
cameras are dark, because
avery small set of rays
from a particular point
hits the screen.
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Thin Lens

K(y Optical axis

 Rotationally symmetric about optical axis.
» Spherical interfaces.
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Thin Lens; Center

 All raysthat enter lens along line pointing at
O emerge in same direction.
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Thin Lens. Focus

>~
T

Parallel lines pass through the focus, F
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Thin Lens: Image of Point

Pl

All rays passing through lens and starting at P
converge upon P’
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Thin Lens: Image of Point
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Thin Lens: Image Plane

~

-
Q

| mage Plane

A price: Whereas theimage of P isin focus,
theimageof Q isn't.
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Thin Lens: Aperture

e
» Smaller Aperture
-> LessBlur

* Pinhole -> No Blur

| mage Plane
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Field of View

) Field of View
O

| mage Plane
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Earliest Surviving Photograph

b s

* First photograph on record, “latable service” by
Nicephore Niepce in 1822.
1 INQIE: First photograph by Niepce was in 1816.
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Radiometry

» Solid Angle

* Irradiance

» Radiance

 BRDF
 Lambertian/Phong BRDF
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Solid Angle

» By analogy with angle (in
radians), the solid angle
subtended by aregion at a
point is the area projected
on aunit sphere centered at
that point dA

» The solid angle subtended
by a patch areadA isgiven

by

CSE 291 J00, Winter 03 o) Kriegman 2003

Radiance

» Power is energy per unit time

» Radiance: Power traveling at
some point in a specified
direction, per unit area
per pendicular to thedirection
of travel, per unit solid angle

e Symboal: L(x,?)

» Units: watts per square meter
per steradian (wnt2sr1)
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lrradiance

e How much lightisarriving at a
surface? e Crucial property:
e Sensible unitislrradiance

« Incident power per unit area not
foreshortened

e Thisisafunction of incoming angle.

« A surface experiencing radiance
L(xq,f) coming in from solid angle
dw experiences irradiance:
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Total power arriving at the surface
isgiven by adding irradiance over
al incoming angles Tota power is

N
Lxaf )N ; g
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Camera’ s sensor

* Measured pixel intensity isafunction of irradiance
integrated over

— pixel’sarea
— over arange of wavelengths
— For sometime

* ldedlly, it’s proportional to the radiance.

CSE 291 J00, Winter 03

O Kriegman 2003

18



Light at surfaces

Many effects when light strikes a
surface -- could be:

 transmitted
— SKkin, glass
* reflected
— mirror
» scattered
— milk
* travel along the surface and
leave at some other point
» absorbed
— sweaty skin
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BRDF
With assumptionsin previous slide

* Bi-directional Reflectance Distribution
Function

r (qinv fin s Qouts 1:out)

* Ratioof incident irradianceto
emitted radiance (Gnsf in)

* Function of
— Incoming light direction:

Qin ’ f in
— Outgoing light direction:

(qOUUf OUI)

Qout » F ot
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The Reflection Equation

L(x.m)

Lxw)= _[ fx.o, = o)L (x.o)cosb do,
Hl

C5348B Lecture 10 Pat Hanrahan, Spring 2002
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Surface Reflectance Models

e Lambertian

¢ Phong

¢ Physics-based
— Specular

EY
180 160 140 120 100 80 60 40

— Diffuse

Non-parametric model

— Generalized Lambertian Anisotropic

— Thoroughly Pitted Surfaces

BRDF Measurement
« Phenomenological
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Non-uniform over surface
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Lambertian (Diffuse) Surface

 BRDF isaconstant called the
abedo

* Emitted radianceisNOT a
function of outgoing direction
—i.e. constant in all directions.

 For lighting coming in single
direction, emitted radianceis

proportiona to cosine of the s '. fv.e = a0 )cost, do
angle between normal and
light direction

L. =N.w,
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Lambertian reflection

e

vy T\

* Lambertian
e Matte
* Diffuse

-
R
o i
o E e o

Light is radiated equally in all directions
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Specular Reflection: Smooth Surface
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Rough Specular Surface

. Average surfice
T oommal l~:
I

T e FREEE
aw L.

- Phong ‘I._‘c')be '

prikrves - “microfacets’
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Phong Model

Mirror Diffuse
m
CS348B Lecturs 10 5 Pat Hanrahan, Spring 2002

23



